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Pre-mRNP particles: From gene to nuclear pore
Bertil Daneholt
It has been difficult to establish whether pre-messenger
ribonucleoprotein (pre-mRNP) particles move from the
gene towards the periphery of the nucleus in a directed
or random manner. Two recent in vivo studies indicate
that most pre-mRNP particles move randomly in the
nucleus, apparently by free diffusion.
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In the interphase cell nucleus, the chromosomes are
organized in chromosomal territories that are separated
from each other by thin interchromosomal channels [1–3].
The active genes are located at the periphery of these
territories [4], and the newly synthesized pre-mRNA is
delivered as ribonucleoprotein complexes (pre-mRNPs)
[5] into the interchromosomal channel system. The pre-
mRNPs are transported through the complex channel
network towards the periphery of the nucleus, leaving the
nucleus through the nuclear pores in the nuclear envelope.
Specific active genes with their nascent pre-mRNPs can
be readily identified in the light microscope by in situ
hybridization [6,7]. It has been considerably more difficult
to examine the corresponding pre-mRNP particles in
transit from the gene to the nuclear surface, as each indi-
vidual pre-mRNP is present in very low amounts in the
channels. In certain cases, the transcription products can
be seen as fiber-like tracks extending from the site of tran-
scription towards the periphery of the nucleus [6,8,9]. It
has been argued that the existence of such tracks suggests
that the pre-mRNPs move along a fiber network in a
directed manner (for example [6]), and even that they exit
in defined regions of the nuclear envelope [10]. 
The alternative to such directed movement would be that
the released pre-mRNP particles diffuse freely in the
interchromatin channels, reach all parts of the channel
system, and leave the nucleus anywhere along the enve-
lope. Early on, observations were reported indicating that
both a specific pre-mRNA species and the bulk nuclear
poly(A) RNA are evenly distributed in the interchromo-
somal channel network, supporting the view that pre-
mRNP particles undergo random, rather than directed
movement [11]. It is, however, evident that studies of
steady-state distributions can only be indicative as to the
possible nature of the intranuclear movement of 
pre-mRNPs, and direct kinetic approaches are required
for more definitive statements. 
Early studies [12] based on radioactive-labelling gave an
outline view of the synthesis and nucleocytoplasmic
transport of mRNA, but essentially no kinetic information
about the intranuclear movement of pre-mRNA. It is,
therefore, important that it has recently become possible
to examine the intranuclear flow of fluorescently-labeled
poly(A) RNA. This was done in two recently reported
studies [13,14], which took two different experimental
approaches. In both cases, cultured rat myoblasts were
allowed to take up fluorescently-labeled oligo(dT), some
of which formed hybrids with intranuclear poly(A) RNA.
In the first of these studies [13], the oligo(dT):poly(A)
RNA hybrids were analyzed in vivo by fluorescence corre-
lation spectroscopy. With this approach, the diffusion of
molecules in and out of a very limited confocal volume —
in the femtoliter range — is studied as fluctuations in
fluorescence intensity. In each nucleus examined, ten
non-nucleolar volumes were investigated, each presum-
ably representing essentially a segment of a single inter-
chromosomal channel. About half of the oligo(dT)
molecules behaved as they did in aqueous solution.
Another, almost equally large, fraction moved at slower
rates. This latter fraction is likely to correspond primarily
to the oligo(dT):poly(A) RNA hybrids, as its level was
heavily reduced when oligo(dA) replaced oligo(dT) or
when oligo(dT) was prehybridized in vitro with oligo(dA). 
Politz et al. [13] observed that two-thirds of the slowly
moving oligo(dT) fraction had an average diffusion coeffi-
cient of 9 µm2 per second, similar to that measured in
solution for oligo(dT) hybridized to a 7.5 kilobase poly(A)
RNA molecule. It was noted that this diffusion rate falls in
the same range as that predicted for an average-sized pre-
mRNP particle (with an RNA:protein ratio of 1:4). The
implication is that a large proportion of pre-mRNP com-
plexes are able to diffuse freely in the cell nucleus. This
conclusion was further supported by the observation that
the random movement was unchanged in cells depleted of
ATP. The remaining one-third of the slow fraction moved
with diffusion rates indicating that part of the poly(A)
RNA is linked to very large macromolecular complexes.
As recently reported in Current Biology [14], the second
study aimed to analyze the global flow of poly(A) RNA in
the nucleus. In these experiments, the oligo(dT) added to
the myoblasts was labeled with chemically masked (caged)
fluorescein. The oligo(dT) was then unmasked in a
selected region of the nucleus by laser spot photolysis
(spot diameter 2 µm) and the spread of the fluorescent
signal was followed with high-speed imaging microscopy.
As the non-hybridized oligo(dT) diffused away rapidly,
the movement of the oligo(dT):poly(A) RNA hybrids
could be examined as the signal spread throughout the
nucleus within a period of 30 seconds. The apparent diffu-
sion coefficient inferred from the data was 0.6 µm2 per
second and did not change when the temperature was
varied (from 37°C to 23°C), indicating that the movement
does not require energy. It was concluded that a large part
of the poly(A) RNA diffuses throughout the interchromo-
somal channel network and probably exits in all regions of
the nuclear envelope. About 30% of the oligo(dT) signal
remained in the irradiated spot, again suggesting that some
poly(A) RNA is tethered to supramolecular structures.
Nuclear poly(A) RNA contains pre-mRNA that will
ultimately exit from the cell nucleus, but also RNA that
will either remain within the nucleus or be rapidly
degraded. It is, therefore, essential that these studies of
poly(A) RNA flow are complemented by analysis of the
behavior of individual pre-mRNA species known to be
exported to the cytoplasm. Ideally, the flow of a specific
pre-mRNP particle should be followed from the site of
synthesis towards the periphery of the nucleus. My
colleagues and I [15] were recently able to perform such a
kinetic analysis with cells from the salivary glands of the
dipteran Chironomus tentans. 
The nuclei of Chironomus salivary gland cells all contain
four polytene chromosomes, one of which harbors three
‘Balbiani rings’, chromosomal puffs of exceptional size. By
electron microscopy, it is possible to visualize how pre-
mRNP particles are assembled on the Balbiani ring genes
and how these particles — which are approximately
50 nm in diameter — appear in the interchromosomal
space after they are released from the genes [16]. The
Balbiani ring pre-mRNP particles accumulate in the inter-
chromosomal space before most of them, probably all, exit
to the cytoplasm. 
In our recent kinetic study [15], newly synthesized RNA
was labeled in vivo with BrUTP and the labeled Balbiani
ring particles were recorded by immunoelectron
microscopy. It was concluded that the released Balbiani
ring particles move randomly in the interchromatin space
and appear early in all regions of the nucleus. Estimates of
minimum diffusion coefficients for the Balbiani ring parti-
cles were compatible with the view that they diffuse
freely, although a limited steric hindrance could not be
excluded. Finally, it should be recalled that the Balbiani
ring particles can be seen as rod-like structures when they
leave the nucleus, which takes place through pores in all
regions of the nuclear envelope [16].
The general conclusion from these three kinetic studies
[13–15] is that at least a large proportion of pre-mRNPs
move randomly within the cell nucleus and that the rate
approximates that predicted for free diffusion. A
substantial fraction of poly(A) RNA seems to be retarded,
however, which suggests that the movement of some of
the pre-mRNP complexes could be more complex. It
might, therefore, be useful to consider the three main
models presented in Figure 1, all of which have diffusion
as a major component.
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Three models for transport of pre-mRNP particles from active genes to
the pores in the nuclear envelope. In (a), the released pre-mRNPs
diffuse freely throughout the cell nucleus. In (b), they first become
associated with a putative structure/macromolecular complex adjacent
to the gene, and after a delay move towards the nuclear surface by
diffusion. In (c), the pre-mRNPs move away from the gene by diffusion
but become transiently associated with a nuclear body or a fibrous
network before they further diffuse towards the nuclear surface. (See
text for details.)
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In the first, most straightforward model, after release from
the encoding gene pre-mRNPs move through the inter-
chromosomal channels by diffusion and exit the nucleus
through the nuclear pores (Figure 1a). As the channel
network is quite intricate, with convoluted channels, the
apparent diffusion rate of pre-mRNPs measured over
longer distances in the nucleus will be lower than that
expected for the pre-mRNPs diffusing freely in solution.
It is then of interest that the short-range diffusion coeffi-
cient measured in the fluorescence correlation microscopy
study (9 µm2 per second) [13] is considerably higher than
the long-range diffusion coefficient determined in the
uncaging experiments (0.6 µm2 per second) [14]. Further-
more, as the channels vary considerably in diameter it is
possible that the movement through the tiniest channels
could be heavily restricted. 
As the two fluorescence studies [13,14] showed that a
large portion of the pre-mRNPs does move with a rate
approximating that predicted for freely-diffusing particles,
the slowing down of the diffusion rate is still likely to be
marginal for at least most of the pre-mRNP particles. This
simple diffusion model is in good agreement with the
frequent observation that nascent RNA can be readily
detected at a specific gene, but the corresponding released
pre-mRNA is seen at only low concentrations all over the
nucleus (for example [6,11]). As pointed out [11], such a
differential distribution is what one would expect if pre-
mRNPs diffuse freely through the interchromosomal
channels and are exported into the cytoplasm when they
reach the periphery of the nucleus.
The second possibility is that, upon completion of
transcription, the pre-mRNPs immediately become associ-
ated with a nuclear substructure for a limited period of
time, until they leave and diffuse freely throughout the
nucleus (Figure 1b). This model is supported by observa-
tions that, at some genes, RNA accumulates in a polar
fashion relative to the gene. The mRNAs for fibronectin
[6], collagen Iα1 [8] and myosin heavy chain [9] are
instructive examples of this. The accumulations — often
referred to as RNA tracks — were usually found to extend
not more than 1–2 µm away from the gene area [8,9].
Detailed analysis of these tracks suggested that pre-
mRNA splicing usually takes place co-transcriptionally,
and hence that most of the RNA along the track is fully
spliced [6,8]. One possibility would then be that the pre-
mRNP particles are on an ‘assembly line’ being prepared
for transport [6]. It is clear that the regions with accumu-
lated RNA have to be further studied at the ultrastructural
level to unravel the precise topology of the active genes
and the nature of the supporting structure.
The third possibility is that the pre-mRNP particles are
released from the gene and move randomly in the inter-
chromosomal space until they are incorporated into a
nuclear body or become associated with nuclear fibers
(Figure 1c). One example could be the slowly turning over
poly(A) RNA that has been observed in small nuclear
bodies consisting of clusters of interchromatin granules
[17,18]. Frequently, pre-mRNPs have also been found
attached to networks of nuclear fibers, often designated
the nuclear matrix [19]. The interactions might be tran-
sient, the pre-mRNP particles diffusing further towards
the periphery of the nucleus after release from the fibers.
It is not excluded that the particles also move to some
extent along the nuclear fibers, but it is important to
emphasize that there is no strong support for the idea that
the pre-mRNPs move in a directed manner and that a spe-
cific energy-requiring transport machinery is involved.
It is gratifying that it has now been demonstrated that
random movement is a major element in the transport of
pre-mRNPs from the genes to the nuclear pores. There
are, however, also indications that putative pre-mRNPs
become transiently associated with macromolecular
assemblies and nuclear structures. Such interactions seem
to differ from one gene product to another, probably
depending on the specific fate of the transcripts. It is,
therefore, essential that the movement properties and spe-
cific pathways for individual gene products are further elu-
cidated in future studies. 
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If you found this dispatch interesting, you might also want
to read the June 1999 issue of
Current Opinion in
Cell Biology
which includes the following reviews, edited
by Gideon Dreyfuss and Kevin Struhl, on
Nucleus and gene expression:
Large-scale chromatin structure and function
Andrew S Belmont, Steffen Dietzel, Anne C Nye, 
Yuri G Strukov, Tudorita Tumbar
Histone H1: location and role
Jean O Thomas
Telomerase and the maintenance of chromosome
ends
Tracy M Bryan and Thomas R Cech
V(D)J recombination: on the cutting edge
Marjorie Oettinger
Activation of RNA polymerase II transcription
Arnold J Berk
Gene activation by histone and factor acetylases
Shelley L Berger
Mechanism and regulation of transcriptional
elongation by RNA polymerase II
Daniel Reines, Ronald C Conaway and Joan Weliky
Conaway
Coupling RNA polymerase II transcription with
pre-mRNA processing
David Bentley
mRNA polyadenylation and its coupling to other RNA
processing reactions and to transcription
Lionel Minvielle-Sebastia and Walter Keller
Determinants of SR protein specificity
Roland Tacke and James L Manley
hnRNP complexes: composition, structure and function
Annette M Krecic and Maurice S Swanson
Nuclear organization of pre-mRNA splicing factors
Judith E Sleeman and Angus I Lamond
Guided tours from precursor snoRNA to functional
snoRNP
Laura B Weinstein and Joan A Steitz
Structure and function of the nucleolus
Ulrich Scheer and Robert Hock
The full text of Current Opinion in Cell Biology is in the
BioMedNet library at
http://BioMedNet.com/cbiology/cel
